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Albuquerque, NM 87131

A.~. ~OX

‘ Los Alamoe National Laboratory
Loe A)amos, NM 87545

[. INTRODUCTION

Delta Scuti variables are known to pulsate in nonradial as well M radial modes of oscillation,
Theoretical models ueing the linear, nonadiabatic, nonradial appreximatiom have still not been
able to convincingly match the period and mode excitation of real stars. Calculations typically
come up with a number of unstable modes with a variety of periods. For the most part they
do not match the observed nonradial periods, What is the problem? What we would like to
emphasize “mthis paper is that in order to analyze a stellar model for nonradial stability it is

necessary to have a good evolution model to start with. Calculations by Fitch (1981) and Clancy
and Cox (1982) suflered from this problexm They tried to match 6 Scuti itself and noted that the
behavior of the eigenvectore in the deep interior made interpretation of’ the theoretical results
difficult and that at that time itdid not seem poesible to match the perio& of 6 Scuti.

We had hoped that it would be poesible to start with a complete stellm model obtained
through evolution calculation and to vary the stellar parameters such as luminosity, mass and
radius by small amounts and still have a satisfactory model for our envelope code, Even though
we can constmct a model whkh h~ its interior bound~ very near the center it is still an inward
integration for which the acdutions tend to diverge as the center of the star is approached, We
found that this does not work and that we must we a complete model.

IL MODEL

The preliminary model diecumed here should ba referred to aa 6 Scuti “lik~n since the only
detailed evolution model available at the time wee slightly too luminous and too cool to be in
the observed instability Atrip (cf. Fitch, 1981). The model we used wee kindly provided by Si
Becker (1986). It h weful to preeent the results for this model since it should tell us whether or
not we are able to obta’in meaningful eigenvectore for the nonradial modes in the deep interior
of the star, Table 1 gives Borne of the details about the model,

In table 1 q & the mam fraction interior to a given point in the otar, The Iben fitto opacities
ar,d equation of state data ie ueed in the deep interior no that our model will track that of Becker,
Near the surface we used the Stellingwerf fit since it provides better detail in the hydrogen and
helium ionization zonee. The evoiution models typically do not go to temperatures iower than
about 100,OOOK.The mass contained in the inner, inert ball is approximately equal to that of

the shell next to it,



111. STABILITY ANALYSIS

Even though our model iz slightly cooler than observed variable stars
H-R diagram we still expect to obtain modes that are unstable since, aa is

in this region of the
well known unless a

proper treatment of convection is included the red edge is not found with our pulsation models.
In Table 2 we prenent an analysis of our model for the 6rst three radial modes and 1 = 2, g modes.
We see in table 2 that aa in previous work the radial modes tend to be more unstable ea we go to
higher order modez. The periods here are about a factor of two times those for 6 Scuti. IIhis is
to be expected with our larger maaz and radius. The g modes indicated r-e all unztable. Higher
order modes, ae well az those of lower order than go are found to be stable. For modes near
the stable-unstable boundary region gruwth raten tend to be somewhat unreliable. The reason
for the band of unstable modes is that at low order the eigenvector samples the hydrogen and
6.rst helium ionization driving but not the oecond helium driving. Higher order modes are more
unstable since the second helium ionization driving region is mmpled. At the very highest order
modes, above ●bout gle you sample the most radiation damping at T > 70, 000K and damping
in the y gradient region near the center. Figure 1 is ● plot of the radial eigenvectm for the
ga mode. lt does appear that we have made a marked improvement over previous calculations,
The noden near the center are well defined and do not exMblt the noise evident “mthe work of
Clancy and Cox. The work plot shown in Figure 2 iz of interezt. We me that the driving is
coming from the outer ionization of hydrogen and helium. The double outer peak is primarily
an equation of state(r) effect due to the ionization of hydrogen and first ionization of helium.
The details of the driving and damping are of course a complicated interaction of the kappa and
gamma effects.
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Figure 1. 6r/r w zone number for the U@nonradial mode.
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Figure2. Work/sone vs. zone number forthege nonracial mode.

IV. SUMMARY AND CONCLUSIO?W

We have used an improved ctellu evolution model, with iti detdled composition etructure
to look at the nonradial behavior of ● star near the region in the H-R diagram where the 6 Scuti
variabke rue found, We are able to obtain satisfactory molutiona to the linear non~diabatic
equationa md intend to W! newly calculated evolution models to further at~dy the pulsat ional
stability of this claas of vr~’iable stara. he (1985) hea recently calculated $ Scuti models for
1=0,1,2 and 3 rnodee. He tide a large number of unstable modes. With all the work done to

date, there etill appeare to be a cordiict between the number of calculated unstable modes and
those observed.

TABLE 1

J Scuti “like” Model
M = 3M0, L = 64.6L0, Toff = 6166K

Cumpoeition Structure

Surface to q = 0.57 x = 0,69, Z = 0,03

9 = 0.57 to 0.15 x = 0,09 to 0,67

q = 0.1s to 0.09 X = (.),67 to 0.27

q = 0.09 to 0,07 X = 0,27 to 0.00

q = 0.07 to 0.00 x = 000

Material Propertied

Steilingwerf fitfrom surface to T = 300, 000K
Iben fit from T = 300, 000K to center



Table l continued

Convection

Mixing length with I/HP = 1.0

Central Ball Surface

M = 2.85 X 10-9M.
L = 8.17 X 10-SL*

7’ = 4.5 x 107K
R = 1.2 X 10-9R.

TABLE 2

Radial Modes

Mode Period(days) Period(hrs) n

F 0.3765 9.036 4.3 x 10-s
lH 0.2862 6.869 4.1 x 10-’
2H 0.2271 6.450 1.7 x 10-a

Nonradial Modee (f= 2)

Mode Period(daya) Period(hm) v

Q(days)

0.0347
0.0264
0.0209

91s

914

913

912

911

910

90

98
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